Male osteoporosis continues to be under-recognized and undertreated in men. An understanding of which factors cue clinicians about osteoporosis risk in men, and which do not, is needed to identify areas for improvement. This study sought to measure the association of a provider's recognition of osteoporosis with patient information constructs that are available at the time of each encounter. Using clinical and administrative data from the Veterans Health Administration system, we used a stepwise procedure to construct prognostic models for a combined outcome of osteoporosis diagnosis, treatment, or a bone mineral density (BMD) test order using time-varying covariates and Cox regression. We ran separate models for patients with at least one primary care visit and patients with only secondary care visits in the pre-index period. Some of the strongest predictors of clinical osteoporosis identification were history of gonadotropin-releasing hormone (GnRH) agonist exposure, fragility fractures, and diagnosis of rheumatoid arthritis. Other characteristics associated with a higher likelihood of having osteoporosis risk recognized were underweight or normal body mass index, cancer, fall history, and thyroid disease. Medication exposures associated with osteoporosis risk recognition included opioids, glucocorticoids, and antidepressants. Several known clinical risk factors for fracture were not correlated with osteoporosis risk including smoking and alcohol abuse. Results suggest that clinicians are relying on some, but not all, clinical risk factors when assessing osteoporosis risk.
Introduction
As the median age of the US population increases, hip fracture rates are expected to double by the year 2040 [1] . The direct medical cost of osteoporotic fractures in the United States (US) was $17 billion in 2005 [2] . Because of the substantial clinical and economic burden associated with osteoporotic fractures, the National Osteoporosis Foundation (NOF) and International Society for Clinical Densitometry (ISCD) have recommended bone mineral density (BMD) testing for men over the age of 70 [3, 4] .
Reports continue to show that osteoporosis is even more drastically under-diagnosed and under-treated in men than in women [5] [6] [7] [8] [9] . In a cohort of managed care patients, only 7% of men with a prior fragility fracture received osteoporosis-specific medication [7] , compared to 20-24% of women [6, 8] . One hospital-based study showed that the rate of post-fracture treatment in men was half that of women with the same risk factors [9] . In addition, when men do break a bone, they experience worse outcomes. Hip fractures are twice as deadly for men compared to women [10] , and physical functioning also deteriorates more for men following hip fractures [11] .
The reasons for this under-treatment and its consequences are not well understood. Several published studies have evaluated the osteoporosis clinical decision-making processes -including predictors of treatment, diagnosis, and BMD testing -in both sexes [12] [13] [14] [15] , and one study has looked exclusively at males [7] . Unfortunately, taken together, these studies are limited in their applicability to US men. For instance, one study evaluated a non-US population, and so does not reflect patterns of care in the US [12] . Most other studies failed to evaluate predictors separately for men and women [13] [14] [15] . This is essential because, as Vanasse and colleagues showed in a cohort of Quebecois, predictors of treatment and BMD testing differ substantially between men and women [12] . Some studies were based on patient surveys rather than data from clinical encounters [13, 15] , which would exclude data observable to clinicians as potential cues. One of the studies focused only on treatment decisions post-fracture and so failed to provide useful information about interventions intended to prevent the first fracture [7] . Finally, none of the prior analyses modeled the predictors so as to allow patient characteristics to vary over time. This is important because characteristics that develop in close temporal proximity to a treatment or screening decision are more likely to be cues for that decision.
Our goal in this study was to improve upon the work done by others [7, [12] [13] [14] [15] and identify characteristics that cue clinicians to identify osteoporosis or osteoporosis risk among men. To that end, we modeled potential predictors of diagnosis, treatment, or BMD testing using a male US veteran population. We used time-varying Cox proportional hazards modeling with time-varying covariates to enhance discrimination of factors that were temporally associated with clinical identification, as well as information constructs that were observable to clinicians in the patient care record at the time of each encounter. Finally, because recognition of osteoporosis may vary by the type of provider, we stratified our analysis based on wether patients were seen for primary care or specialty care needs.
Methods

Study design and patients
We used a historical cohort design to evaluate the association between observable clinical characteristics and outcomes related to clinically identified osteoporosis or fracture risk. Our primary endpoint was a composite outcome we termed "clinical identification of osteoporosis or fracture risk," defined as the first documentation of an event that indicates the clinician was aware of osteoporosis risk.
We identified male veterans who received care in the Veterans Health Administration (VHA) system in the Rocky Mountain region of the US (Veterans Integrated Service Network [VISN] 19) in [2005] [2006] and who were ≥70 years by January 1, 2005. This age cutoff was chosen due to the NOF's and ISCD's recommendation of BMD testing for all men age 70. We excluded patients without a prior encounter in the VHA system at least 395 days before their index encounter (the first encounter in [2005] [2006] in order to ensure an adequate period of observation for assessing baseline characteristics. We also excluded patients who had the composite outcome of interest as of the index date (an osteoporosis diagnosis, an osteoporosis treatment, or a BMD test order). Patients with missing body mass index (BMI) information were excluded in an iterative manner. We originally intended to include these patients, but upon discovering that BMI was an important variable in predicting clinical identification of osteoporosis or fracture risk, we ultimately decided to exclude them. Administrative data from 2002 through 2007 were obtained including diagnoses and procedures from the VHA National Medical SAS datasets and vital signs and pharmacy data from the VHA local data warehouse. Patients were censored at the first occurrence of an outcome or on December 31, 2007, whichever occurred first. Finally, patients were considered primary care patients if they had at least one primary care visit in the VHA prior to the index date. Patients without a primary care visit were considered specialty care patients.
Outcome
The outcome of interest in this study was the first occurrence after the index date of an event suggesting clinical identification of osteoporosis or osteoporosis risk. This was defined as either (1) a diagnosis of osteoporosis, indicated by diagnosis codes 733**; (2) a prescription order for calcitonin, parathyroid hormone, or an osteoporosis bisphosphonate (i.e., alendronate, ibandronate, or risedronate; zoledronic acid was not yet marketed during the study period) dispensed from the outpatient pharmacy; or (3) an order for a BMD test, indicated by current procedural terminology (CPT) codes for dual-energy X-ray absorptiometry, quantitative computed tomography, qualitative ultrasound, single and dual photon absorptiometry, digital X-ray radiogrammetry, and single energy X-ray absorptiometry.
Independent variables
Predictors of osteoporosis recognition that we considered included variables with a known or theoretical association with bone health or fall risk (e.g., age, BMI, race), comorbid conditions, drug exposures, and the number of inpatient and outpatient visits in the year prior to the index date (a surrogate marker for system familiarity with the patient). Each predictor variable was characterized at baseline, as far back as January 1, 2002. Each predictor variable was also allowed to change each quarter during follow-up period, with patients contributing person-time to different levels for each covariate as the patients' clinical characteristics changed over time.
Statistical analysis
Descriptive statistics were used to characterize the baseline demographic and clinical characteristics of our cohort. We then performed a series of univariate Cox proportional hazards regressions with timevarying covariates to determine if predictors were significantly associated with clinical identification of osteoporosis. Risk factors that were significant in univariate analyses at an a priori alpha level of 0.2 were considered candidate risk factors. We then performed a multivariable stepwise selection procedure, in which candidate risk factors were introduced one at a time and those with p-values> 0.10 were excluded. A stepwise selection procedure was used because of the predictive nature of our research question. Because the candidate variables in our model are pre-specified, i.e. identified based on association with bone health or fall risk from previous studies, a multiplicity adjustment is not warranted here [16] . All statistical tests were performed using SAS v. 9.2.
Results
Patients
Of the 48,183 males who met the inclusion criteria, we excluded 2452 (2.3%) who had the outcome of interest on or before baseline and 11,449 (23.2%) with missing or invalid BMI data. This resulted in a cohort of 34,282 patients, 9037 of whom were primary care patients and 25,245 of whom were specialty care patients. Descriptive characteristics of the patients at baseline are summarized in Table 1 . The two groups of patients were similar in terms of race (91.2% of primary care patients and 91.8% of specialty care patients were white) while primary care patients (40.8% age 80 or older) were older than specialty care patients (31.4% age 80 or older). The most common diseases as of baseline for both groups of patients were hypertension (85.4% for primary care patients; 79.1% for specialty care patients), diabetes (54.3% for primary care patients; 46.7% for specialty care patients), and cancer (32.8% for primary care patients; 20.3% for specialty care patients). Statins were the most common medication for which previous exposure was captured for both primary care (56.8%) and secondary care patients (55.8%). Nearly half of the primary care patients had been exposed to opioids at baseline (47.8%) and roughly one-third had a history of exposure to thiazide diuretics (34.6%) and H-2 receptor antagonists (30.1%) at baseline. Similarly, exposure to thiazide diuretics (29.4%) and H-2 receptor antagonists (19.1%) was common among specialty care patients.
Both the primary and specialty care patients had an average followup time of 2.8 years. During this follow-up time 467 (5.2%) of the 9037 primary care patients and 782 (3.1%) of the 25,245 specialty care patients had the composite endpoint. This corresponds to an incidence of 18.3 events and 11.3 events per 1000 person-years, respectively. Among those who had the outcome, the average time to clinical identification of osteoporosis or fracture risk was 1.4 years for both groups of patients.
Clinical identification of osteoporosis or osteoporosis risk in primary care patients
The predictive model results are summarized in Table 2 . In the multivariable model for primary care patients, neither race nor age was a significant predictor of clinical identification of osteoporosis.
The strongest predictors of clinical identification for primary care patients were documented histories of gonadotropin releasing hormone (GnRH) exposure (hazard ratio [HR] 2.8, p b .0001), fragility fractures (HR 2.4, p b .0001) and diagnosis of rheumatoid arthritis (HR 2.0, p = 0.001). Clinicians were also more likely to identify osteoporosis or fracture risk in underweight or normal weight patients compared to patients who were overweight or obese and patients with histories of cancer, deep vein thrombosis, falls, malnutrition disorder, and patients with exposure to glucocorticoids, loop diuretics, and opioids. Clinicians were less likely to identify osteoporosis or fracture risk in patients with stroke. Interestingly, some clinical risk factors for fracture that were not associated with the composite outcome were smoking and alcohol abuse. The number of visits in the year prior to the index date (our surrogate for "system familiarity") also failed to predict the outcome with any accuracy.
Clinical identification of osteoporosis or osteoporosis risk in specialty care patients
In the multivariable model for specialty care models, BMI and system familiarity were significant predictors of clinical identification of osteoporosis but age and race were not. Similar to primary care patients, documented history of GnRH exposure (HR 4.1, p b .0001), fragility fractures (HR 3.0, p b .0001), and rheumatoid arthritis (HR 2.8, p b .0001) were strong predictors of clinical identification of osteoporosis. In addition, diagnoses of cancer, seizures, thyroid disease, and exposure to antidepressants, glucocorticoids, H-2 receptor antagonists, and opioids were significantly associated with increased identification of osteoporosis in specialty care patients.
Discussion
We sought to identify patient and clinical characteristics that were associated with identification and treatment of osteoporosis in a cohort of male US veterans to better understand information constructs that might inform decision-making among clinicians. We did this using time-varying covariates to better model the clinical pathway and timing in which certain clinical or patient characteristics may lead the provider to diagnose, test for, or treat osteoporosis. We discovered that the strongest predictors of osteoporosis identification in both primary care and specialty care patients included exposure to GnRH analogs, fragility fractures, and diagnosis of rheumatoid arthritis. We also found differences in the risk factors that were significantly associated with identification of osteoporosis risk between patients with at least one primary care visit in the VA compared to those with only specialty care visits. For instance, deep vein thrombosis, fall history, stroke, and exposure to loop diuretics were all significant predictors of the outcome in primary care patients but not specialty care patients, whereas the opposite was true for seizures and exposure to antidepressants. Interestingly, some characteristics were strong clinical predictors of osteoporosis did not appear to be associated with the outcome of clinical identification in either primary care or specialty care patients, such as smoking-and alcoholrelated disorders. This suggests that clinicians are paying attention to some potential cues, but may be missing others. Our findings do provide support for the conclusion that clinicians consider some risk factor constructs and important cues for osteoporosis risk. For example, we found that BMI was negatively associated with the outcome, consistent with previous literature [17] , on which casefinding strategies recommended in current best practice guidelines are based [18] . Additionally, both prior fractures and falls, which are among the strongest predictors of future fractures [19] [20] [21] [22] [23] [24] [25] , were strong predictors in our study. Similarly, exposure to oral glucocorticoids, which was significantly predictive of the outcome in both models, is also widely known to be associated with poor bone health and fracture [26] [27] [28] [29] [30] [31] .
Many of the significant risk factors identified in primary care patients were also present in the specialty care model. However, several inconsistencies in risk factors identified for primary care patients compared to specialty care patients highlight the differences in these two types of care. Risk factors significantly associated with clinical identification of osteoporosis for specialty care patients but not primary care patients were conditions that are familiar to specialists. For example, a psychiatrist would likely be aware of the association between selective serotonin reuptake inhibitor use and increased risk of fracture [32] . Similarly, the association between seizures and osteoporosis would be recognized by neurologists.
While many diagnoses and medications were associated with clinical identification of osteoporosis in both primary and specialty care patients, risk factors that are more behavioral in nature such as alcohol abuse and smoking status were not. Previous studies have found that clinicians spend less time discussing alcohol use with patients than other health-related behaviors [33] . Clinicians, therefore, may be missing opportunities to make the connections between alcohol abuse and its consequences. The poorly captured nature of smoking status in ICD-9 codes may explain the lack of significance in our models [34] .
In terms of quality performance measures, the VHA generally exceeds those seen outside the VHA setting in numerous disease states, including human immunodeficiency virus [35] , colorectal cancer [36] , hyperlipidemia [37] , and hypertension [38] . In fact, a recent study suggests that because of efforts to improve care in these other diseases that are much more common in males, the VHA have lagged behind other health systems in the diagnosis and treatment of osteoporosis [39] . We echo these authors' sentiments that this represents an opportunity for the VHA to improve the management of fractures and fracture risk among veterans.
Limitations
The major limitation in this analysis was that each patient's true underlying osteoporosis risk was not known. Our cohort consisted of all veterans who met inclusion criteria, including those with and without high fracture risk. Because our goal was to test which constructs were associated with identifying osteoporosis, it would have been ideal to have a cohort in which underlying osteoporosis risk was known to researchers (but unknown to clinicians at baseline) and to restrict the analysis to those patients who had high risk. However, we know of no such data for veterans. Nonetheless, because all our potential predictors have a known or theoretical association with fracture or bone quality, our results are robust to that issue. Patients with the exposures and characteristics of interest are, by definition, at a higher risk for fracture than those without. Other minor limitations include that we may have incomplete capture of outcomes, particularly those based on procedure and diagnosis codes.
While the low cost of prescriptions in the VHA provides an incentive for eligible veterans to obtain all of their prescriptions in the system, it is known that many veterans utilize outside systems for nonpharmaceutical care. If patients who obtain care from both VHA and non-VHA facilities are systematically different than those who use VHA exclusively, as several recent studies suggest [40] [41] [42] , then this could bias the results in a variety of ways. We mitigated this limitation by restricting our analysis to veterans who had demonstrated a pattern of utilizing the VHA system for inpatient or outpatient care as well as identifying patients who had received at least one primary care visit prior to index. Additionally, patients with missing BMI values were excluded from our analysis. Patients with missing BMI differed significantly from patients with non-missing BMI on age, race, and number of visits. This suggests that BMI values were not missing at random in our study and that excluding them from our analysis may have introduced selection bias. A final limitation is that patients in this study were US veterans receiving care within one specific region of the VHA system (VISN 19) and may not be generalizable to veterans in other regions of the US.
Future work
The results of this study suggest that treatment and testing decisions can be better aligned with risk factors for osteoporosis fractures. Clinical reminders and other interventions designed to assist clinicians in identifying osteoporosis risk could improve osteoporosis prevention in the VHA.
Conclusion
In this study, we found that many patient characteristics identified in clinical and administrative datasets were associated with clinical identification of osteoporosis risk in a cohort of male US veterans age 70 and older. However, several other known risk factors were not associated with the outcome. Future work should focus on helping clinicians identify patients with high risk for fracture.
